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$0$ ( $x_{3}$ ,
) 1 .
$\mathrm{A}(x_{1,2}x, X_{3})$
$\mathrm{A}(x_{1}, x_{2}, X_{3})=\alpha(-\frac{x_{2}}{r^{2}}, \frac{x_{1}}{r^{2}},0)$ (1.1)
.
$0<\alpha<1$ (12)
. $\mathrm{B}=(\mathrm{O}, 0, b(x_{1}, x_{2}))$
$\mathrm{B}=\nabla\cross \mathrm{A}=(\mathrm{O}, 0,2\pi\alpha\delta(x1, X_{2})\otimes 1_{x_{8}})$ in $D’(\mathrm{R}^{3})$
(distribution ) , $b(x_{1} ,x_{2})$ total flux
$\int_{\mathrm{R}^{2}}b(X_{1}, X2)dx1d_{X_{2}=2\pi}\alpha$
. $\delta(x_{1}, x_{2})\otimes 1_{x_{3}}$ $\varphi\in C_{0}^{\infty}(\mathrm{R}^{3})$
$<\delta(X_{1}, x_{2})\otimes 1_{x_{3}},$ $\varphi(X\iota, x2, x_{3})>=\int_{-\infty}^{\infty}\varphi(\mathrm{o}, \mathrm{o}, x3)dX\mathrm{s}$
. (1.1) Schr\"odinger
$(-i \nabla-\mathrm{A})^{2}=(-i\partial 1+\alpha\frac{x_{2}}{r^{2}})^{2}+(-i\partial 2-\alpha\frac{x_{1}}{r^{2}})2+(-i\partial 3)^{2}$
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$H_{\text{ }}\ovalbox{\tt\small REJECT} \text{ }x_{1}=r\cos\theta,$ $X_{2}=r\sin\theta$
$\hat{H}_{\alpha}=-(\partial_{r})^{2}-\frac{1}{r}\partial_{r}+\frac{1}{r^{2}}(i\partial_{\theta}+\alpha)^{2}$
. $\hat{H}_{\alpha}$ $\hat{\mathcal{H}}:=L_{2}((0, \infty);rdr)\otimes L_{2}(.S^{\iota})$ ( $S^{1}$ )
. n\in Z( )
$e^{in\theta}.(i’\partial_{\theta}+\alpha)e^{-i\theta}n=i\partial_{\theta}+(\alpha+n)$
$e^{in\theta}\hat{H}_{\alpha}e^{-i}=\hat{H}_{\alpha}n\theta+n$
. $\alpha$ , $\hat{H}_{\alpha}$ point interaction$(\mathrm{c}\mathrm{f}.[\mathrm{A}\mathrm{G}\mathrm{H}\mathrm{H}])$
Hamiltonian . , (1.2) $\alpha$
$0<\alpha<1$ – . $\hat{H}_{\alpha}$
$([\mathrm{A}\mathrm{T}],[\mathrm{s}])$ .
, $\hat{I}i_{\alpha}$ $\hat{\mathcal{H}}$ , $\mathcal{H}$
.
Definition 1.2. $\mathcal{H}$
$\mathcal{H}:=L_{2}(\mathrm{o}, \infty)\otimes L2(s^{1})\simeq L_{2}((\mathrm{o}, \infty);L2(s1))$
, $f,$ $g\in \mathcal{H},$ $(f(r, \cdot),$ $g(r, \cdot)\in L_{2}(S^{1}))$
$(f, g)=(f_{\mathit{9}},)_{\mathcal{H}}:= \int_{0}^{\infty}dr(f(r, \cdot),$ $\mathit{9}(r, \cdot))_{L(S^{1}}2)$
. ,
$e_{n}=e_{n}( \theta):=\frac{1}{\sqrt{2\pi}}$ e \theta $(n\in Z)$
.
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$\mathcal{H}_{n}:=L_{2}(0, \infty)\otimes L.h.[e_{n}]$ $(n\in \mathrm{Z})$
, H $\mathcal{H}$
$\mathcal{H}=\bigoplus_{n\in \mathrm{Z}}\mathcal{H}_{n}$
. $L_{2}(\mathrm{R}^{2})$ $\mathcal{H}$ $\mathcal{U}$ .
Definition 1.3.
$\mathcal{U}$ : $L_{2}(R^{2})arrow \mathcal{H}$ , $(\mathcal{U}f)(r, \theta):=r^{\frac{1}{2}}f(r\cos\theta,r\sin\theta)$ .
, $\hat{H}_{\alpha}$ $\mathcal{U}$ $\mathcal{H}$ (
) .
$\mathcal{U}$
$\alpha \mathcal{U}^{-1}=\bigoplus_{n\epsilon \mathrm{z}}[\iota(|n-\alpha|)\otimes 1_{n}]$ , (1.3)
l(\iota ) $=-( \frac{d}{dr})^{2}+\frac{\nu^{2}-\frac{1}{4}}{r^{2}}$ ,
$1_{n}$ $L.h.[e_{n}]$ . $l\text{ }\geq 1$ , $l(\iota\ovalbox{\tt\small REJECT})$ $L_{2}(0, \infty)$
$C_{0}^{\infty}(0, \infty)$ .
$0\leq\nu<1$ $l(\nu)|C_{0}\infty((),\infty)$ $([\mathrm{K}\mathrm{a}\mathrm{n}$ ,
3 ],[S, Theorern2.10] $)$ .
Theorem 1.1. $0\leq l^{\ovalbox{\tt\small REJECT}}<1$ . $L_{2}(0, \infty)$ $h(\nu, c)(c\in R\cup$
$\{\infty\})$ (i) $0<\nu<1$
$D\sigma m(h(\mathfrak{l}\text{ }, \infty))=\{u\in L_{2}(0, \infty);l(\mathcal{U})u\in L_{2}(\mathrm{o}, \infty)$ in $D’(\mathrm{o}, \infty)$ ,
$[u, r^{\frac{1}{2}+\nu}](+0)=0\}$ ,
$h(\nu, \infty)u=l(\nu)u$ for $u\in D_{om}(h(\mathcal{U}, \infty))$ ,
$Dom(h(\nu, C))=\{u\in L_{2}(0, \infty);l(t\text{ })u\in L2(\mathrm{o}, \infty)$ in $D’(0, \infty)$ ,
$[u,cr^{\frac{1}{2}+\nu}+r \frac{1}{2}-\nu](+0)=0\}$ ,
$h(\nu,c)u=l(\nu)u$ $f\sigma r$ $u\in D_{\mathit{0}}m(h(l\text{ }, C))$ ,
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, (ii) $\iota \text{ }=0$
$D_{\mathit{0}}7n(h(\mathrm{o}, \infty))=\{u\in L_{2}(0, \infty);\iota(\mathrm{o})u\in L_{2}(0, \infty)$ in $D’(0, \infty)$ ,
$[u,r^{\frac{1}{2}}](+\mathrm{o})=0\}$ ,
$Dom(h(\mathrm{O},C))=\{u\in L_{2}(0, \infty);^{\iota}(0)u\in L_{2}(0, \infty)$ in $D’(\mathrm{O}, \infty)$ ,
$[u, cr^{\frac{1}{2}}+r^{\frac{1}{2}}\log r](+0)=0\}$
. $[u, v](r)=u’(r)\overline{v(r)}-u(r)\overline{v’(r)}$ .
$l(\nu)|_{C^{\infty}(\infty}00,)$ $h(\nu, c)(c\in R\cup\{\infty\})$
.
$\hat{H}_{\alpha}$ .
Definition 1.4. $c_{0},$ $c\iota\in R\cup\{\infty\}$ $H(C0,C\iota)$
$H(_{C_{0},C_{1}})=\mathcal{U}-1[h(\alpha, c\mathrm{o})\otimes 10]\oplus[h(1-\alpha, C1)\otimes 1_{1}]\oplus$
$\bigoplus_{n\in Z,n\neq 0,1}[\iota(\mathcal{U})|c_{0}\infty(0,\infty)\otimes 1n]\mathcal{U}$ ,
$\overline{(A}$ $A$ ).
$[l(\alpha)\otimes 1_{0}]\oplus[l(1-\alpha)\otimes 1_{1}]$
, H $H(A)$ $A\in U(2)(2\cross 2$
) ( 4 ) .
$H(c_{0},, c_{1})$ $l(\alpha)\otimes 1_{0}$ $l(1-\alpha)\otimes 1_{1}$ .
$H(\infty, \infty)$ [AB] .
.
$H(\infty, \infty)$ ( $[\mathrm{S}$ , Theorem5.1]).







, $A\in U(2)$ ,
$u= \sum_{n\in \mathrm{z}}un(r)e_{n}(\theta)\in Dom(H(A))$
$\lim_{r\downarrow 0}$ un $(r)=0$ $(n\in \mathrm{Z}, n\neq 0,1)$
( $[\mathrm{S}$ , Lemma5.3]).
$W^{\pm}$ $(H(\infty, \infty),$ $H_{0})(If_{0}$ free Hamil-
tonian) [R] , $(H(A), H_{0})$ [AT]
. , $A\in U(2)$ 2
$c_{0},$ $c_{1}\in \mathrm{R}\mathrm{U}\{\infty\}$




$s(k;C_{0,1}c)$ ( $k$ ) , phase shift formula
(Theorem2 .3,2.4). $S(k;(,’.0, C1)-1$
, distribution . [O]
. (the distorted plane waves, the generalized eigenfunc-
tions) $\mathcal{F}(W^{\pm})^{*}$ ( $F$ ) $\varphi^{\pm}$ ( $x,$ $\xi;c0$ , Cl) .
Ikebe, Kuroda .
$\varphi^{\pm}(x, \xi;C_{(},),$ $C1)$ $H(c_{0},, c_{1})$ –
(Theorein32). $\varphi^{\pm}(x,\xi;c_{0}, C_{1})$ ,
(Theo-
rem34). , $\mathcal{F}(W^{\pm})^{*}$ $\varphi^{\pm}(x, \xi;\mathrm{c}_{0}, c_{1})$
. $\varphi^{\pm}(x, \xi;c_{0_{\rangle}1}C)$
$|x|arrow 0$ , $H(C_{0}, C\iota)(c0, c_{1}\in \mathrm{R}\mathrm{U}\{\infty\})$
$H(\infty, \infty)$ $(\mathrm{T}\mathrm{h}\not\in,$
orem3 $.2(\mathrm{i}\mathrm{i}\mathrm{i}))$ . Aharoriov Bohm $H(\infty, \infty)$





2Phase shift formula for $H(c0, c_{1})$
$-H_{1}:=H(c_{0},, c_{1})$ . free hamiltonian
$\ovalbox{\tt\small REJECT}:=\overline{(-\Delta|_{C_{0}^{\infty}}(\mathrm{R}2))}$
$\mathcal{H}$ , $H_{0},$ $H_{1}$ $\mathcal{H}$
.
$\mathcal{U}H_{j}u-\iota_{=\bigoplus_{\mathrm{z}}\otimes}hn\in jn1_{n}$ ,
$h_{00}=h(0, \infty)$ , $h_{0n}=\overline{l(|n|)|c_{0}\infty(0,\infty)}(n\neq 0)$ ,
$h_{10}=h(\alpha, c_{\text{ }0})$ , $h_{11}=f\iota(1-\alpha, c\iota)$ , $h_{1n}=\overline{\iota(|n|)|C_{0}\infty(0,\infty)}(n\neq 0,1)$ .
Definition 2.1. $c\in R\cup\{\infty\},$ $u\in C_{0}^{\infty}(\mathrm{o}, \infty)$




$U_{0n}:=U(|n|, \infty)(n\in z)$ ,
$U_{1}0:=U(\alpha, C_{0}),$ $U_{11}:=U(1-\alpha, c_{1})$ ,
$U_{1n}:=U(|n-\alpha|, \infty)$ , $(n\in Z, n\neq 0,1)$
. $(z)$ Bessel , $\Gamma(z)$ Gamma .
$U_{jn}$ Lemma . $\mathcal{E}_{jn}(\Lambda)$ $h_{jn}$
.
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Lemma 2.1. $i$) $U_{0n}(n\in Z),$ $U_{1n}(n\in Z, n\neq 0,1)$ $L_{2}(0, \infty)$
,




$ii)$ $U_{1n}(n=0,1)$ $\geq 0$ $L_{2}(0, \infty)$
, (2.1), (2. ,
$iii)U_{1n}(n=0,1)$ $<0$ $[$Ran $(\mathcal{E}1n(\{-\lambda^{2}n\}))]^{\perp}$ , $(\lambda_{n}=$
$|\tilde{c_{n},}|1/(2|n-\alpha|))$ , $L_{2}(0, \infty)$ ,
$U_{\iota n}^{*}\chi(a,b)Ujn\mathcal{E}1=n((a, b))$ $0\leq a<b<+\infty$
$U_{1n}e^{-i.thit}nU1*-\cdot it\lambda^{2}.U_{1}1n.n=e+e\eta \mathcal{E}_{1}n(\{-\lambda 2n\})U_{1^{*}n}$
(Ran$(T)$ $T$ , $\mathcal{M}^{\perp}$ $\mathcal{M}$ ).
Theorem 2.2.
$s- \lim_{\infty tarrow\pm}e)c_{1}-iH_{0}=itH(_{C}0)te\mathcal{U}-1(_{n\in z^{[}}\oplus U_{1n}*ei\theta_{n}\pm U_{0n}]\otimes 1_{n)}\mathcal{U}$.
, $W^{\pm}(C_{0}, C_{1})$ .
$(W^{\pm}(c_{0}, c1))*0W^{\pm}(c_{\lrcorner}, c\iota)=$ projection onto $[$ eigen space of $H(c_{0},$ $c_{1})]^{\perp}$
.
$\theta_{n}^{\pm}=\pm(\delta_{n}-\frac{\pi}{2}|n|)$
, $\delta_{n}$ (i) $n\in Z,$ $n\neq 0,1$
$\delta_{n}=\frac{\pi}{2}|n-\alpha|$ ,
(ii) $n=0,1$ $\delta_{n}=\delta_{n}(\lambda;c_{m})$ . ( ) $=\infty$
$\delta_{n}(\lambda;\infty)=\frac{\pi}{2}|n-\alpha|$ ,
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$S(C_{0}, c1):=(W+(C0, c1))^{*}W-(c_{0}, C_{1})$
. .
Theorem 2.3. $u\in C_{0}^{\infty}(R2),$ $u(k, \theta):=u(k\cos\theta, k\sin\theta)$
$\mathcal{F}S(c_{0,1}c)r^{*}u(k, \theta)=\cos(\pi\alpha)u(k,\theta)-\int_{-\pi}^{\pi}d\varphi K(\theta, \varphi, k;c0, C1)u(k, \varphi)$
.
$K( \theta, \varphi, k;C_{0}, c1)=\frac{i}{\pi}\sin(\pi\alpha)(p.v.\frac{1}{1-e^{i(\varphi)}-\theta})$
$- \frac{1}{2\pi}(f(k^{2}; \alpha, c\mathrm{o})-e^{-}-\theta fi(\varphi)(k^{2};1-\alpha, C1))$ ,
$f( \lambda;\nu, C)=\frac{2\lambda^{\nu_{\tilde{C}\mathrm{s}}}\mathrm{i}\mathrm{n}^{2}(\pi U)+2i\lambda\nu \mathrm{s}\mathrm{t}\mathrm{i}\mathrm{n}(\pi U)\{\lambda^{\nu}+\tilde{C}\cos(\pi\nu)\}}{\tilde{c}^{2}+2\lambda^{\nu_{\tilde{C}}}\cos(\pi\nu)+\lambda^{2\nu}}$ ,
.
$p.v$ . . $L_{2}(s^{1})$ $T$ :
Tu$( \theta):=\frac{1}{2\pi}\int_{-\pi}^{\pi}d\varphi(p.v.\frac{1}{1-e^{;()}\varphi-\theta}.)u(\varphi)$ , $u\in L_{2}(S^{1})$
$u= \sum_{n\in \mathrm{Z}}u_{nn}e(\theta)$
138
$T(_{n\in \mathrm{Z}} \sum u_{n}e_{n}(\theta))=\sum_{\infty n=-}^{0}\frac{1}{2}une_{n}(\theta)+\sum_{=n1}(-\frac{1}{2})une_{n}(\theta)\infty$
, $T$ .
Definition 2.2. $S-$ $S(k;c0, c_{1})$
$S(k;C_{0}, c1)u( \theta)=\cos(\pi\alpha)u(\theta)-\int_{-\pi}^{\pi}d\varphi K(\theta,\varphi, k;C0, c1)u(\varphi)$ , $u\in L_{2}(S^{1})$
. $S(k;C_{0}, C_{1})$ $L_{2}(s^{\iota})$ .




$\Gamma^{r}(\theta, \varphi, k.;C_{0}, C_{1}.):=(1-\cos(\pi\alpha))\delta(\varphi-\theta)+K(\theta, \varphi, k;c_{0}, c_{1})$
$S(k; \mathrm{r}_{-,0}, C1)u(\theta)=u(\theta)-\int_{-\pi}^{\pi}d,\varphi F’(\theta, \varphi, k;C0,C1)u(\varphi)$
. .









$L_{2}(S^{1})= \bigoplus_{n\in Z}$ L. $h.[e_{n}]$
$S(k;c_{0}, C_{1})$ :
$S(k;c0, c_{1})=\oplus_{n}-12i\delta_{0}(k2,c\mathrm{o})_{\oplus\oplus\oplus}e^{i}=-\infty e^{-i\pi\alpha}\oplus e^{-}(\pi-2\delta 1(k2,\mathrm{C}1))\infty i\pi\alpha\gamma l=2e$.
$0<\alpha<1$ $S(k;c_{0,\iota}C)-1$
$\mathrm{A}1$ . $H(c_{0}, C_{1})$ long range
.
3 Wave functions for $H(c0, c_{1})$
$H(c_{0}, c_{1})$ $\varphi^{\pm}(x, \xi;c0, C1)$ . $\varphi^{\pm}(x, \xi;c0, C\iota)$
$\mathcal{F}(W^{\pm}(c_{0,\iota}c))^{*}$ ( Fourier )
. phase shift formula
$\mathrm{p}\mathrm{h}\mathrm{a}_{\iota}\mathrm{s}\mathrm{e}$ shift .
\S .
Theorem 3.1. $u\in C_{0}^{\infty}(R^{2}\backslash (0,0))$ , $\xi\in R^{2}\backslash (0,0)$
$\mathcal{F}(W^{\pm}(C_{0}, C_{1}))*u(\xi)=\frac{1}{2\pi}\int_{R^{2}}dx\overline{\varphi^{\pm}(x,\xi\cdot,C_{0},c_{1})}u(x)$ .




$\varphi_{0}^{\pm}(r, \xi)=\varphi_{0}^{\pm}(r,\xi;C\mathrm{o})=.’\frac{\sqrt{2}e^{\pm i\delta_{0}}(k2.0c)(\tilde{C}_{0}j\alpha(kr)+k2\alpha J-\alpha(kr))}{(\tilde{c}_{0}+22k2\alpha_{\tilde{C}0\mathrm{c}}\mathrm{o}\mathrm{s}(\alpha\pi)+k^{4}\alpha)^{1}/2}$,
$\varphi_{1}^{\pm}(r,\xi)=\varphi_{1}(\pm r,\xi;C1)=\frac{\pm\sqrt{2}e^{\pm i\delta_{1}}(k^{2},C1)(\tilde{C}_{1}J_{1-\alpha}(kr)+k2(\iota-\alpha)J_{-}1+\alpha(kr))e^{-}i\theta}{(\tilde{c}^{2}1+2k^{2}(1-\alpha)\tilde{c}1\cos((1-\alpha)\pi)+k^{4}(1-\alpha))1/2}$,
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. $\varphi^{\pm}(x, \xi;C0, C_{1})$ $(x, \xi)$ $(\mathrm{R}^{2}\backslash (0,0))\mathrm{X}(\mathrm{R}^{2}\backslash$
$(0,0))$ $C^{\infty}$ .
Theorem 3.2. $i$) $\xi\in R^{2}\backslash (0,0)$




$\varphi^{\pm}(_{X},\xi;C0, c1)=\sum_{\in nZ}\varphi n(\pm r,\xi)e_{n}(\varphi)$,
, $\varphi_{n}^{\pm}(r,\xi)$ $(n=0,1)$
.
$[r^{\frac{1}{2}} \varphi_{0}^{\pm}(r,\xi){}_{)}C0r^{\frac{1}{2}}++\alpha r\frac{1}{2}-\alpha](+0)=0$ ,
$[r^{\frac{1}{2}} \varphi_{1}^{\pm}(r, \xi), C\iota r^{\frac{1}{2}+}(1-\alpha)+r\frac{1}{2}-(\iota-\alpha)](+0)=0$ .
$i_{\ovalbox{\tt\small REJECT}}ii)r\downarrow \mathrm{O}$
$\varphi^{\pm}(x,\xi;C0, c1)=\frac{2^{\alpha}k^{\alpha}e^{\pm i\delta_{0}}(k2C_{0};)}{(\tilde{C}_{0^{+2k\tilde{c}_{0}}}^{22\alpha}\cos(\alpha\pi)+k^{4}\alpha)1/2\mathrm{r}(1-\alpha)}r^{-}\alpha$
$+ \frac{(\pm 1)2^{(1-\alpha)}k(1-\alpha)e1\langle k^{2};c1\rangle e^{i}\pm i\delta(\varphi-\theta)}{(\tilde{c}_{1^{+2}}^{2\alpha}k2(1-)_{\tilde{C}_{1}}\cos((1-\alpha)\pi)+k4(1-\alpha))^{1}/2\alpha\Gamma()}r^{-(1\alpha}-)+o(1)$
.
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Theorem i), ii) $\varphi^{\pm}$ ( $x,\xi$ ;Co , $c_{1}$ ) $H(c0, c1)$ –





$e^{i\xi\cdot x}= \sum^{+\infty}n=-\infty i|n|_{j_{1}n1}(kr)e^{-in\theta}e=\varphi\sum_{n}inf_{n}(r, k)e-in\theta e=-\infty+\infty in\varphi$,
$f_{n}(r, k)= \frac{\acute{\iota}^{|n|}}{2}(\frac{2}{\pi})^{/}12_{\frac{1}{\sqrt{kr}}}(e+e^{-}i(kr-\frac{\pi}{2}|n|-\frac{\pi}{4})i(kr-\frac{\pi}{2}|n|-\frac{\pi}{4}))$
$+O(r^{-\frac{3}{2}})$ as $rarrow\infty$ .
$\varphi^{\pm}(x,\xi;C_{0}, c\iota)=\sum_{\in n\mathrm{z}}\varphi_{n}^{\pm}(r, k;c_{0},, C1)e^{-}in\theta e^{i\varphi}n$
,
$\varphi_{n}^{\pm}(r, k;c_{0}, C_{1})$ $rarrow\infty$ .
i) $n=-1,$ $-2,$ $-3,$ $\cdots$
$\varphi_{n}^{+}(r, k;c_{0}, C1)=\frac{i^{|n|}}{2}(\frac{2}{\pi})\iota/2_{\frac{1}{\sqrt{kr}}}(e-\frac{\pi}{2}|n|-\frac{\pi}{4})+(krei-i(kr-\frac{\pi}{2}|n|-\frac{\pi}{4}-\pi\alpha))+O(r^{-\frac{3}{2}})$ ,
$\varphi_{n}^{-}(r, k;C_{\Lambda}\}, c_{1})=\frac{i^{|n|}}{2}(\frac{2}{\pi})^{\iota}/2_{\frac{1}{\sqrt{kr}}}(e-\frac{\pi}{4}-\pi\alpha)+n|i(kr-\frac{\pi}{2}|n|-\frac{\pi}{4}))i(kr-\frac{\pi}{2}|e^{-}+O(r^{-\frac{3}{2}})$ .
ii) $n=2,3,4,$ $\cdots$
$\varphi_{n}^{+}(r, k;C_{0},C1)=\frac{i^{|n|}}{2}(\frac{2}{\pi})1/2\frac{1}{\sqrt{kr}}(e-\frac{\pi}{2}|n|-\frac{\pi}{4})+(kre-(kr-\frac{\pi}{2}|n|-\frac{\pi}{4}+\pi\alpha))ii+O(r-\frac{3}{2})$,










$= \frac{i,}{2}(\frac{2}{\pi})^{\mathrm{l}./}2\frac{1}{\sqrt{kr},\backslash }(C^{i(\frac{\pi}{2}\frac{\pi}{4}}-\cdot\vdash[\pi-2\delta\iota(k^{2},\cdot c])1)+kr-e-i(kr-\frac{\pi}{2}-\frac{\pi}{4}))+()(r-\frac{3}{2})$ .
$\varphi^{-}(x, \xi;c0, C1)$ phase shift phase shift formula
phase . $\varphi^{-}(x, \xi;c_{0}, C_{1})$ $e^{i\xi\cdot x}$
, $\varphi^{-}(x,\xi;c_{0}, c_{1},)$
$\varphi_{n}^{-}(r, k;c_{0}, C_{1})e-\iota n\theta\prime e^{in\varphi}$
.
Definition 3.1. $x=r(\cos\varphi, \sin\varphi),$ $\xi=k$ ( $\cos\theta$ , siri $\theta$ )
$\varphi^{-}(x,\xi;c_{0}, C_{1})=\sum_{n\in z}\varphi_{\gamma \mathrm{t}}-(r, k;c0, c_{1})e^{-}in\theta e^{i\varphi}n$
,
$e^{i\xi\cdot x}= \sum_{=n-\infty}^{+}Jn(r, k)e^{-}e^{i\varphi}\infty\cdot in\theta n$
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,$\varphi_{n}^{-}(r, k;C0, C1)e^{-}in\theta e^{i\varphi}n=f_{n}(r, k)e^{-}in\theta e^{i\varphi}n$
$+f_{n}^{-}$ ( $\varphi,$ $\theta,$ $k;c0$ ,Cl) $\frac{e^{ikr}}{\sqrt{r}}+O(r^{-\frac{3}{2}})$ as $rarrow\infty$
$f_{n}^{-}(\varphi, \theta, k;C_{0}, c_{1})$ $\varphi_{n}^{-}(r, k;C_{0}, C_{1})e-in\theta ein\varphi$
.
Lemma 3.3. $i$) $n=-1,$ $-2,$ $-3,$ $\cdots$
$f_{n}^{-}( \varphi, \theta, k;c0, C1)=\frac{e^{-i\frac{\pi}{4}}}{\sqrt{2\pi k}}(e^{-}-1i\pi\alpha)e^{i}-)n(\varphi\theta$ .
$ii)n=2,3,4,$ $\cdots$
$f_{n}^{-}( \varphi,\theta, k;C_{0,1}cd)=\frac{e^{-i\frac{\pi}{4}}}{\sqrt{2\pi k}}(e^{i\alpha}-\pi 1)e)in(\varphi-\theta$ .
$iii)n=0,1$
$f_{0}^{-}( \varphi,\theta, k;C0, C,\iota)=\frac{e^{-i\frac{\pi}{4}}}{\sqrt{2\pi k}}(e^{-}’-2i\delta 0(k2c_{0})1)ei.n(\varphi-\theta)$.




$n=- \sum_{\infty}^{+\infty}f_{n}-(\varphi, \theta, k;C0, c1)=:f^{-}(\varphi, \theta, k;C0, C_{1})$ in $\mathrm{z}^{\mathrm{y}_{(S_{\varphi}^{1})}}$
($\theta$ $\varphi$ $S^{1}$ distribution )
$f^{-}$ ( $\theta,$ $\varphi,$ $k;c_{0}$ , Cl) $=f^{-}(\pi-\varphi, \pi-\theta, k;c0, C1)=\sqrt{\frac{2\pi}{ik}}F(\theta, \varphi, k;c0, C\iota)$
.
Time revarsal invariance .
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